Introduction
Infectious pancreatic necrosis is a common viral disease of fish world-wide. It affects mainly young salmonids, though many other species, such as pike and carp, can be infected (Pilcher & Fryer, 1980) . Mortalities are highest in fry at first feeding but become negligible by approximately 6 months of age (Frantsi & Savan, 1971 ; Dorson & Torchy, 1981 ; Lapierre et al., 1986) . Several epizootics of the disease have been reported in Europe, North America and Japan (Pilcher & Fryer, 1980; Christie et al., 1988) .
The aetiological agent, infectious pancreatic necrosis virus (IPNV), belongs to the family Birnaviridae (Francki et al., 1991) . Its genome consists of a bisegmented dsRNA (Dobos & Roberts, 1983) . Segment A, which is approximately 3100 bp in length, encodes a single polyprotein of Mr 101K. It is cleaved to produce, in order from the amino-terminal end, VP2, the major structural and antigenic protein of the virion, NS, a nonstructural protein with which a protease activity has been associated and VP3, an internal component of the capsid (Duncan et al., 1987) . Other proteins, corresponding to precursor or degradation products, have als0 been assigned to this segment (Dobos, 1977; Dobos & Rowe, 1977; MacDonald & Dobos, 1981) . Segment B, which is approximately 2900 bp long, encodes the RNA polymerase (VP1) of the virus. This protein is found in purified virions as free VP1 or in a genome-linked form (Persson & MacDonald, 1982; Calvert et al., 1991) .
Classifications of IPNV strains isolated from different aquatic organisms are not yet well established. The first European isolates, Ab and SP, were shown to be antigenically different from the original reference strain, ATCC LWVRT 60-1 (VR-299) (J~rgensen & Keblet, 1971; Wolf & Quimby, 1971) . Until 1983, only these three major serotypes were recognized (MacDonald & Gower, 1981; Okamoto et al., 1983) . However, Hill & Way (1983 , on the basis of cross-neutralization assays, have identified six additional serotypes and two serogroups. In this classification, all nine serotypes belong to the same widely predominant serogroup 1 (or A). A tenth serotype, represented by the N 1 strain, was proposed by Christie et al. (1988) . Experiments with monoclonal antibodies (MAbs) confirmed, in part, this classification Christie et al., 1990) . All IPNV serotypes of serogroup A, tentatively designated A 1 to A10 , showed some degree of cross-reaction.
However, this classification has yet to be established at the genomic level. The few IPNV sequences that have been determined do not allow classification of the strains. Genome segment A was sequenced for the Jasper (Duncan & Dobos, 1986) and N1 strains (serotype A10; Hfivarstein et al., 1990 ). An identity of 79.5~o between the nucleotide sequences of the two strains was found. Segment B from two strains, Jasper and SP (serotype A2) was also sequenced (Duncan et al., 1991) . An overall identity of 80-7% at the nucleotide level was found. There are still not enough strains sequenced to establish a classification. However, in the case of infectious bursal disease virus (IBDV), another member of the family Birnaviridae, it was possible to make a correlation between genomic variations and the two known serotypes. In fact, when comparing the nucleotide sequences, 83.1 to 83.8% identity was found between IBDV strain OH (serotype 2) and five serotype 1 strains, whereas between strains of the same serotype, the identity was 92.3 to 99.7% (Bayliss et al., 1990; Kibenge et al., 1990 Kibenge et al., , 1991 . Moreover, if the most distant strain of IBDV serotype 1 is eliminated, the identity between the four others rises to 97.4 to 99-7%.
In this paper, restriction fragment profiles obtained from a cDNA fragment were used to classify 37 different IPNV strains. This proposed classification, based on genomic variations, is compared with the classification into 10 serotypes.
Methods
Cells and viruses. IPNV strains used in this work are listed in Table 1 . Strains from the provinces of Qu6bec and Newfoundland, Canada, were isolated in our laboratory; the others were purchased from the ATCC, except for the N1 strain which was kindly provided by Dr K. E. Christie (University of Bergen, Norway). All viruses were grown on chinook salmon embryo (CHSE-214) or rainbow trout gonad (RTG-2) cells at 20 °C. The culture medium used for cell growth comprised equal parts of minimal essential medium (in Earle's solution) and 199 medium (in Hanks' solution), supplemented with 10% (v/v) foetal bovine serum (FBS), 2 mM-L-glutamine, 50 mg/ml gentamicin and 10 units/ml nystatin (Gibco-BRL). Once the cells were infected, only 1% FBS was used.
RNA extraction. Viral RNAs were extracted from infected cells after complete cytopathic effect. To remove debris, cell culture supernatant was centrifuged at 10000 g for 45 rain. Viruses were then pelleted by ultracentrifugation (100000 g, 2 h) and resuspended in TE buffer (10 mM-Tris-HCl, 1 mM-EDTA), pH 8-0. They were then digested with 2 mg/ml proteinase K and 1% (w/v) SDS for 2 h at 37 °C. Nucleic acids were finally extracted with phenol and chloroform before precipitation with 1 vol. 5 M-ammonium acetate and 2-5 vol. 100% ethanol at -20 °C. Pellets were resuspended in distilled water.
Amplification of the 359 bp cDNA fragments. Oligonucleotides were synthesized according to the published sequence of the Jasper strain (Duncan & Dobos, 1986) . The first oligonucleotide, AGAGATCACT-GACTTCACAAGTGAC, corresponds to positions 1403 to 1427 on the Jasper sequence, the second one, CTCAGTAGAAAGGACACC-ACGTGT, corresponds to positions 1746 to 1761. They were both used as primers for the first strand synthesis of eDNA with the Moloney murine leukaemia virus (M-MuLV) reverse transcriptase (Pharmacia). Heat-denatured (100 °C, 5 min) viral RNAs, extracted from cell cultures, were used as templates for the enzyme, according to the procedure described by Sambrook et al. (1989) . After a 45 min incubation at 37 °C, RNA-DNA hybrids were denatured at 100 °C for 5 min, and the eDNA fragments were amplified by the polymerase chain reaction (PCR) using Taq DNA polymerase (Bio/Can Scientific) and the above oligonucleotides. The following parameters were used: denaturation, 1 min at 95 °C, annealing, 2 min at 50 °(7; elongation, 3 min at 72 °C (35 cycles). Nucleic acids from uninfected cell cultures were used as negative controls.
Digestion with restriction endonucleases. Amplified fragments obtained with the 37 IPNV strains were first precipitated with ethanol at -20 °C and resuspended in 10 lal of water. They were then digested with five restriction en0onucleases, AluI, AvalI, HaeIII, HpalI and NciI (Boehringer-Mannheim), at 37 °C for 2 h in buffers supplied by the manufacturer. Results were visualized by running the digested fragments at 180 V on a 4 % agarose gel (Biogel, B IO 101) and staining with ethidium bromide.
Classification of strains.
To establish relationships between IPNV strains, a hierarchical cluster analysis of all restriction profiles obtained with the five endonucleases was carried out using the statistical package for social sciences (SPSS) program. 
Results
A cDNA fragment was amplified for each of the 37 IPNV strains tested. In all cases, fragments obtained were 359 bp long, as expected, thus showing a certain similarity between these viruses. However, restriction profiles revealed some variations.
Digestion of ATCC serotype A1 strains with NciI gave the expected size subfragments of the PCR products (Fig. l a, lanes 22 to 26) , as determined from the published Jasper sequence (Duncan & Dobos, 1986) . Moreover, all but eight strains isolated in Qu6bec and Newfoundland (eastern Canada) were identical to these ATCC strains (Fig. l a, lanes 1 to 21) . As for the remaining ones from eastern Canada, five of them, ART-H82, LAB-P89, LEB-E87, STT-P90 and TN3-A89, showed no subfragments. The three other strains, MTB-A87, STM-A89 and TN9-A89, shared a unique pattern with the ATCC Jasper strain (Fig. 1 a, lane 36 ) which, surprisingly, was not digested as expected. Instead of the 178, 105 and 76 bp subfragments predicted by analysis of the published sequence, only one band, probably containing two subfragments of approximately 180 bp, was observed on the gel. No cutting of the PCR products occurred for strains of serotypes A2 to AS, and A10 ( Fig. 1 a, lanes 27 to 35 and 37) .
Occasionally, extra lighter bands appeared on the gels, presumably caused either by non-specific hybridization of the primers or by nucleotide mismatches introduced by the Taq polymerase during PCR.
Digestion with AvalI (Fig. 1 b) and HpalI (Fig. I c ) each gave five distinct profiles, but similarity between IPNV strains was not exactly the same in both cases. For example, except for TN3-A89 and TN9-A89, all Qu6bec and Newfoundland strains appeared identical when HpalI was used (Fig. l c, lanes 1 to 21) , whereas the distribution of the profiles observed with AvalI ( Fig. 1 b , lanes 1 to 21) was similar to that described for NciI (Fig.  1 a) . Nevertheless, most of the ATCC serotype A1 and eastern Canada strains gave the expected subfragments, as for the Jasper strain: 113, 99, 92 and 55 bp for Avail; 177, 79, 76 and 27 bp for HpalI. Only the West Buxton strain was clearly distinct from other serotype A1 strains in both cases ( Fig. 1 b and c, lanes 24) .
Compared to the first three enzymes, more variation in restriction patterns was obtained with AluI and HaelII (Fig. l d and e, respectively) . Thus, these enzymes revealed more heterogeneity between the ten serotypes. However, many differences also appeared between ATCC strains of serotype A1 and between strains from eastern Canada. Even so, West Buxton ( Fig. 1 d and e , lanes 24) exhibited a unique pattern among all serotype AI strains. As for the Jasper strain ( Fig. 1 d and e, lanes  36) , the expected subfragments of 134, 127, 55 and 43 bp for AluI and 127, 120, 83 and 29 bp for HaeIII were not observed. However, some serotype A1 strains (LWVRT 60-1, Powder Mill, STP-A88, TAD-A87 and TN1-P89) always gave the expected subfragments for the Jasper strain. In the same way, the subfragments expected for the N1 strain, as deduced from the published sequence (H~varstein et al., 1990) , were obtained with the five restriction enzymes, not only with N1 (Fig. 1 a to e, lanes  37 ), but also with serotype A2 strains d'Honnincthun, Bonnamy and SP (Fig. 1 a to e, lanes 27 to 29) .
Some strains consistently showed identical restriction profiles whereas others always appeared different, for example serotype A2 strains and LWVRT 60-1.
To determine relationships (i.e. the percentage of association) between the IPNV strains tested, a cluster analysis was carried out. For each of the five enzymes, sets corresponding to the different restriction patterns were determined. The more often a specific strain is in the same set (i.e. has the same restriction profile) as another particular one, the more they are related. Thus, up to 15 clusters could be determined by combining the results from the five endonucleases. The dendrogram in Fig. 2 shows the associations between IPNV strains as a function of the number of clusters. Strains belonging to the same cluster or group are more closely related if the number of clusters is high, but differences between two groups become less significant. On the other hand, when there are few clusters, strains could be less related within the same group, but differences between clusters become more significant.
Discussion
Restriction profiles showed genomic variations between the IPNV strains tested. Although very small differences can be detected with a single enzyme, the use of five different endonucleases makes a cluster analysis possible, thus giving a better idea of the relationship between strains. Up to 15 clusters could be formed, but because most of the strains that were separated over 10 clusters could be distinguished from each other only by one enzyme out of five, 10 clusters appears to be more significant and representative of the relationship between the IPNV strains tested. A classification with 10 different subgroups and three major groups, tentatively designated 'genogroups' I to III, is proposed (Fig. 2) .
In the case of IBDV, there is a good correlation between sequence similarity and the two known serotypes (Kibenge et al., 1991) . However, the classification proposed in this paper does not correspond to the 10 serotypes of IPNV. However, it must be considered that the cDNA fragments used are unlikely to encode an important epitope of the virus. In fact, the amplified 
Avail, (c) HpalI, (d) AluI and (e)
Haelll. The numbering of the strains corresponds to that in region covers the C-terminal part of VP2 and the Nterminal part of the NS protein whereas all MAbs developed against IPNV are either VP2-or VP3-specific (Caswell-Reno et al., 1986; Lecomte et al., 1992) . Similar data were also obtained with IBDV (Azad et al., 1987; Becht et al., 1988; Fahey et al., 1989; Jagadish & Azad, 1991) . Because the precise location of the junction between the two proteins on genome segment A has not yet been determined, it is not possible to calculate the exact proportion of each protein represented in the eDNA fragment. Nevertheless, this region is suitable for the analysis of genomic variation between IPNV strains. Except for the central region of VP2, the segment encoding the NS protein is the most variable section of genome segment A, when comparing nucleic acid sequences of the Jasper and N1 strains (H~varstein et al., 1990) . Moreover, within the VP4 polypeptide of IBDV, which corresponds to the NS protein of IPNV, the N-terminal part is the most variable between the two known serotypes, with 56% of the amino acid mismatches (Kibenge et al., 1991) . However, comparison between nucleotide sequences of IBDV strains of the same serotype showed that the VP4 region is more conserved than the rest of segment A (Bayliss et al., 1990) . Consequently, this region is appropriate for studying genomic variations between serotypes, although it may lead to a different classification than that which would be obtained by serological methods. By working on the hypervariable central region of VP2, which is probably responsible for serotype specificity in IPNV and IBDV, it should be possible to obtain a better correlation between genetic and serological classifications. However, the heterogeneity of this region could cause difficulties for hybridization of the primers, resulting in less efficient and less specific PCR amplification. Moreover, problems could arise in the establishment of relationships between strains, since restriction profiles could be different for each strain. Despite the lack of correlation between proposed subgroups and the 10 serotypes, it is interesting to note from Fig. 2 that there is very little similarity between the type strains of serotype A1 (LWVRT 60-1), serotype A2 (SP) and serotype A3 (Ab). As a result of this observation, IPNV strains can be divided into three genogroups. This is consistent with the fact that SP, Ab and LWVRT 60-1 are usually regarded as type strains of three corresponding major serotypes (Ahne, 1981; Dominguez et al., 1991) . The seven new serotypes do not clearly dissociate from A1, A2 and A3, except possibly the Canada-2 strain (serotype A7). Because serological analyses of viruses are influenced by various factors such as the method of antiserum production and standardization of the procedure, more tests with MAbs raised against different serotypes will be required to confirm the existence of 10 truly different serotypes. In fact, one of the major problems in conventional virus neutralization tests is that isolates of IPNV differ in stability and in the amount of non-infectious virus produced during replication (Wolf& Quimby, 1971 ; McMichael et al., 1978; Nicholson & Pochebit, 1981) . Consequently, it is difficult to standardize the antigen dose since the infectivity alone does not ensure that virus preparations will contain equivalent quantities of antigen. Therefore, results of the neutralization test could vary regardless of recognition of the antigen by the antibody. So, classification into three major groups appears more appropriate to conciliate observations from both genomic variation studies and antibody reactions.
Genogroup I is predominant in North America, whereas genogroups II and III contain all, but not only, European strains. It would be interesting to test Asian strains to see whether they fit in one of the three genogroups. Many of these strains are currently related to serotypes A1 and A3 Hsu et al., 1989) and few of them appear to be related to A2 or other serotypes .
Most of the strains from eastern Canada (Qu6bec and Newfoundland) were identical or closely related to one of the ATCC serotype A1 strains. Although variations within genogroup I were greater than within the other genogroups, this situation may result only from the fact that this genogroup is over-represented, since 26 of the 37 strains tested were classified in this group. However, it has already been reported that significant antigenic differences exist among individual members of serotype A1 (Nicholson & Pochebit, 1981; Caswell-Reno et al., 1986) which account for almost all genogroup I strains.
The situation with regard to three of the strains is rather ambiguous. First, it was surprising that the expected subfragments for the Jasper strain were not observed. In contrast, the bands predicted for this ATCC strain (VR-1325) were obtained with five other strains:
LWVRT 60-1, Powder Mill, STP-A88, TAD-A87 and TN1-P89. To verify these findings, experiments were performed twice and results were compared with those obtained for another Jasper strain (kindly provided by Dr Peter Dobos, University of Guelph, Canada). Subfragments obtained with the latter strain were of the same size as those predicted from the published sequence (results not shown). Thus, it seems that the ATCC Jasper strain does not correspond to the strain sequenced by Duncan & Dobos (1986) .
Second, restriction fragment profiles obtained with the West Buxton strain are clearly different from those of other viruses of the same serotype. In fact, it is the only serotype A 1 strain not classified in genogroup I. Whether or not there is a high degree of similarity between the rest of genome segment A of West Buxton and of other serotype AI strains, it should not be considered as the reference strain for this serotype, as has been suggested (Hill & Way, 1983; Caswell-Reno et al., 1986 Lipipun et al., 1989) . LWVRT 60-1 seems to be more appropriate, since it exhibits greater similarity to the other strains of the same serotype.
The third ambiguous case is that of the Canada-2 strain. It is classified in subgroup IIb. Although this subgroup is located within genogroup II, it has little similarity to strains of subgroup ]Ic. Together with West Buxton (subgroup IIa), Canada-2 could form a fourth genogroup, but this has to be confirmed by a more detailed analysis of the nucleotide sequences.
Determination of genomic variations is simpler and more reliable than the use of neutralization tests for the classification of viruses, since it is not influenced by uncontrolled experimental factors. The method used in this work to compare and classify IPNV strains on the basis of their restriction fragment profiles provides a simpler and faster alternative to direct sequence analysis at the amino acid or nucleic acid level. Until more strains of IPNV are sequenced, it remains the most precise method for classification. Nevertheless, the amplification of larger cDNA fragments would increase the flexibility in choosing restriction enzymes. Moreover, larger fragments would enable the assessment of more of the genomic variations that occur between entire viral genomes and would allow a better correlation with serological classifications, particularly if the investigated region encompassed the hypervariable portion of the VP2 protein.
